2007 02/27 10:55 FAX 018568939 



EPO 



Q018/018 




EuropHisches 
Patentamt 



European 
Patent Office 



(bills ausfUllenypleaie <iiJ /d rarnpIlT svp] 

Claes Djurberg 

Dr Ludwig Brann PatentbyrS AB 
Box 1 344 

SE-751 43 Uppsala, Sweden 




Office europeen 
daa brevets 



IB O<B0298 MQnehen 
a (-^49^1 23 8^0 

B RB.5G18 Pete/MiaaA2 

NU22B0 HVRIjawljk 
» (+$V70) 340-20 40 
Fax (-t-3l-7U 34Oi30 16 

B D-1095B Berfin 
S M9^0) 259 01-0 
Fax {-t-Ad^S) 269 0?-e40 



L 




Bestatigung^l uber dan 
Eingang nachgaraichter 
Unterlagen fiir Patentan- 
meldungen/Patente beim 
Europaischen Patentamt 

Datum und Ort das Eingangs sind aus dam 
Elngangs^empet bzw. der Perforation dieser 
EingangsbestStigung ersichtlich. 
(M + Datum = EinrelchungMrt MQnchen: 
H t DGium - Einreichungsort Den Haag; 
Datum + 8 = Einneichungsort Bariln) 


J 

Acknowledgement of receipi^) 
for subsequently filed items 
relating to patent applications/ 
patents at the European Patent 
Offfce 

Date and place of receipt are shown by the 
receipt stamp or perforation appearing on 
this receipL 

(M -¥ data B Munich as place of receipt: 
H + date = The Hegue as place of racoipt; 
dace B = Berlin as ptace of receipt) 


Accuse de reception^ a TOffice 
eufOpAen das brevets de pidcas 
produites posterieurementau 
ddpdt d'une demande de brevet/ 
k la ddlivrance d'un brevot 
europ6an 

Le date et le lieu de reception sont indlqu^s 
par la cachet de fdception ou la parfDretloh 
du present aocusa de rdception. 
(M + data = pidoes ray uos d Muntch; 
H 4 date s places rapues a La Haye; 
data + B B pikes ragues a Berlin} 


Eingereiehte Unterlagen 


Items filed 


Plices envoy^es 


Anmflldenumfner/Patenmummer 
Application Number/Patent Number 
Numdro da la domande/numdro du brevei 


Ihr Zaici^en 
YourrafBrsncB 
Voire fdf^renca 


ggfs. An und Datum der Unterlagen 
Nature and date of items foptlonai) 
Natura et date das pidcea [faculiaiif ) 


1, 




P06481EP01 LM 


TyantlAllonB of dalma In Oarman and French 


2. 




Form 1010 (only by fax) 


3. 






c. 






5. 








6. 






7. 






B. 

s. 








10. 







1) UUjiAdnHtuIdHiMlllllBn 

2) bins 2-l8Gh emreichen 

3) Oor filngnng der diig»gobenon UMnHtieiin w/|rd 
benaUgL Enitiflli disse Spalie koine EiniraQu^Qat. 
lowlidlodigllclitwphlllgUwi vim Syndung » 
dam angBgabflnan Aioanieichen BingeQangm in 



1) plBMH 4ill In adilrasi 

2) plana nbnui tn 3 oopiai 

3) Thd ^Metpl of iho iloms lndlratcid Is confirm ad. 
If tftls column dou nor coniahi sny entrku. \\ is 
gnly ccnflmiBd ;f)al an liam hai taaafl racalMd \w 
ihaindicaiadtla 



1 ) BdrBBBs a nmplle wp. 

2) a soumonro «n 2 axornplairBs, svp. 

3) La rdcaption das plfacas inillqudfift an conflnnda, 
i^uta de mandon dana gbtd oolanne. (a pr^sant 
tiCCUBQ da rOoapilan bb rApporla h vm plficu 
quflltflnque aiivovae sws It fftldnmca indlquda 



Received at the EPO on Feb 27, 2007 1 1 :03:36. Page 1 8 of 1 8 



rinted: 14/08/2006 



A1 PAMPHLET 



04804263 



WO 2005/064871 



PCT/EP2004/014669 



1 



■ CALIBRATION MBTO 




5CIPR0CITY OF BIDIHECTIONfiL COMMONICATION 



.5 

Field of Invention 

The present invention relates to a method and arrangement to enhance the communication 
performance in wireless communication systems. In particular, the present invention relates to 
the reciprocity of bidirectional communication channels. 

10 Background of the Invention 

The demand for traffic capacity, coverage and reliability in the wireless communication 
systems is seemingly ever-increasing. One bottleneck in the traffic capacity is the limited 
frequency spectrum available for conmiunication purposes, the limitation being both physical 
- pnly part of the frequency spectrum is suitable for communicatipn and the infonnation 

15 content per frequency and time is limited, and organisational- the usefid part of the spectrum 
is to be used for a number of purposes including: TV and radio broadcast, non-public 
communication such as aircraft communication and military communication, and the 
established systems for public wireless communication such as GSM, third-generation 
networks (3G), Wireless Local Area Networks (WLAN) etc. Recent development in the area 

20 of radio transmission techniques for wireless communication systems show promising results 
in that the traffic capacity can be dramatically increased as well as offering an increased 
fLexibihty with regards to simultaneously handling different and fluctuating capacity needs. 
Sev^ promising techniques are Multiple-Input-Multiple-Output (MMO) see for example 
A. Goldsmith et al. "Capacity Limits of MIMO Channels", IEEE Journal on Selected Areas of 

25 Comm. , VOL. 21, NO. 5, JUNE 2003, and coh^ent combining based cooperative relaying, 
see for example Peter Larsson, ."Large-Scale Cooperative Relaying Network with Optimal 
Coherent Combining under Aggregate Relay Power Constraints", in Proc. Of Future telecom 
Conference, Beijing, China, 9-10/12 2003. Compared to presently used transmission 
techniques such as TDMA (as used in GSM) and WCDMA (as used in UMTS), the above 

30 exemplified technique represents a much better usage of the available radio frequency 

spectrunLAs an example of the capabilities of, but also the requirement set forth by, the new 
transmission techniques, the MIMO wireless systems will be briefly described with references 
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to FIG. 1 (prior art). A comprehensive description of the basic principles as well as recent 
development and areas of research of MMO is to be found in the above referred article by A. 
Goldsmith et al. 

A radio link in a MIMO system is characterized by that the transmitting end as well as the 
S receiving end is equipped with multiple antenna elements, as illustrated in FIG. 1 . The idea 
behind NQMO is that the signals on the transmit (TX) ant^mas at one end and &e receive 
(KK) antennas at the other end are "combined" in such a way that the quality (bit-error rate, 
BER) or the data rate (bits/sec) of the communication for each MIMO user will be improved. 
Such an advantage can be used to increase both the network's quality of service and the 

1 0 operator's revenues significantly. A core idea in MIMO systems is space-time signal 
processing in which time (the natural dimension of digital communication data) is 
complemented with the spatial dimension inherent in the use of multiple spatially distributed 
antennas. A key feature of MIMO systems is die ability to turn multipath propagation, 
traditionally regarded as a limiting factor in wireless transmission, into a benefit for the user. 

1 5 MIMO effectively takes advantage of random fading and when available, multipath delay 
spread, for multiplying transfer rates. Also schemes such as Transmit Diversity scheme with 
Rich Feedback (TDRF) and coherent combining based cooperative offer a dramatic increase 
in capacity and/or quality, as described in "Capacity achieving transmitter and receiver pairs 
for dispersive MISO channels" by K. Zangi and L. Krasny, IEEE Trans. Wireless Commun., 

20 July 2002 and in "Optimal and Reduced Complexity Receivers for MISO Antenna Systems" 
by L. Krasny, S. Grant and K. Mohiar, Proceeding IEEE Globecom 2003. The prospect of 
significant improvements in wireless communication performance at no cost of extm 
spectrum (only hardware and complexity are added) has naturally attracted widespread 
attention. 

25 The transmitting principles of a multiantenna system will be described with reference to the 
schematic illustration of Fig. 1. A compressed digital source in the form of a binary data 
stream 105 is fed to a transmitting block 110 encompassing the functions of error control 
coding and (possibly joined with) mapping to complex modulation symbols (quatemary 
phase-shift keying (QPSK), M-QAM, etc.). The latter produces several separate symbol 

30 streams which range firom independent to partially redundant to fully redundant Each is then 
m^ed onto one of the miiltiple TX antennas 115. Mstpping may include linear spatial 
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weighting of the antemia elements or linear antenna space-time precoding. Aft^ upward 
frequency conversion, filtering and amplification, the signals are launched into the wireless 
channel. N TX antennas 1 15 are used, and the transmitting block 110 may typically comprise 
means for N simxiltaneous transmissions. At the receiver, the signals are preferably captured 
S by multiple antennas (M) 120 and demodulation and demapping operations are performed in 
the receiving block 125 to recover the message. The level of intelligence, complexity, and a 
priori channel knowledge used in selecting the coding and antenna mapping algorithms will 
vary a great deal depending on the application. This detemiines tiie class and performance of 
the multianteona solution that is implemented. 

1 0 Naturally, the multiantemia systems offer a transmit-receive diversity gain, similar to the 
existing smart antenna systems, but can also offer a fundamentally new advantage in the 
exploration of the space-time. This can be seen as the multiantemia systems transmit data over 
a matrix channel rather than a vector channel. The signal model of this type of multiantenna 
system can simplified be described as: 

15 r = Hs + ii (1) 

wherein, r is the Mx I the received signal vector, s is the Nx 1 transmitted signal vector and 
n is an vector of additive noise terms, e.g. white Gaussian noise, and H is the M x iV channel 
matrix for the transmitted signals between the transmitter and the receiver. 

TTie multiplexing alone is as previously mentioned, not enough for achieving the dramatic 
20 increase in gain. Advanced coding/decoding and mapping schemes, i.e. the space-time 

coding, is essential. A knowledge of the radio channel is needed for the decoding already in 
today's existing wireless systems such as GSM and UMTS, and in the multiantenna systems 
this knowledge is absolutely critical. In some of the most promising implementation proposals 
for MMO, the knowledge of the channel, represented by H, is used not only in the decoding 
25 performed in the receiver side, but also in the coding on the transmitting side as described in 
D. Gesbert et al. "From Theory to practice: An Overview of MIMO Space-Time Coded 
Wireless Systems", BEEE Journal on Selected Areas of Comm., VOL. 21, NO. 3, April 2003 
and in WPO publication nr WO 03005606. 
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The knowledge of the characteristics of the channel matrix H at the transmitter can be used to 
optimize coding and mapping. Not only MIMO systems exploits precise channel state 
information (CSI), but also for TDRF and coherent combining based cooperative relaying 
that inherently uses CSI knowledge for optimizing respective communication performance. A 
5 forward channel may typically be characterized either by sounding the channel in the forward 
direction with some training signal and then receive feedback from the other station informing 
about the channel charactaistics, or by receiving a training signal from the other station and 
acqiiire knowledge of transmit power. The first alternative can provide a good estimate of the 

■ 

channel characteristics, but at the same time does the transmission of the characteristics of H 
1 0 take up valuable transmission resources. Therefore, a compromise between the increase in 
gain and the increase in control signalling over payload signalling is typically considered in 
for example determining suitable update frequency for the characteristics of H. The latter 
altemative uses less transmission recourses, but relies on the assumption that the channel is 
reciprocal, i.e. that amplitude and phase are identical regardless of transmission direction. 
1 5 This is e.g. the case in a TDD channel (time division multiplexing) within the chaxmels 

coherence time. This is particularly true, and of interest, when multiple antennas are used at a 
first station and only one (or fewer) antennas are used at flie other station, as also the number 
of training sequences can be diminished. This is also of great interest for coherent combining 
based cooperative relaying, as potentially large niimber of relays (possibly equipped with only 
20 one or with few antennas) are exploited while communicating to a user with only one or a few 
antennas. 
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Summary of the Invention 

The reciprocity assumption, as discussed above and in the referenced documents, is widely 
25 accepted and used to effectively estimate the channel. However, in realistic situations, given 
e,g. non-perfect transmitter-receiver chains, the reciprocity might not hold. Thus, there is a 
obvious need for achieving a suitable estimate of the channel, for example characterised by 
the channel matrix H, wherein the estimate characterize the complete transmitter-air interface- 
receiyer chain. 
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wo 99/S7820 discloses a method of calibrating mainly the transmitting and receiving parts of 
a basestation to achieve reciprocity in the uplink and downlink communication. Also the 
electronics in the transmitting and receiving parts of a subscriber unit may be accounted for, 
giving calibrations of basestation - subscriber unit pairs. The method according to WO 
99/S7820 comprises of transmitting a calibration bursts from basestation to a subscriber unit 
and from the subscriber unit to the basestation, determining ""downlink signature estimate** 
and/or ''downlink signature estimates" based on the calibration burst(s)and sending the 
"'downlink signature estimate"* to the base station, which uses the signature estimate(s) to 
calibrate its transmission-receiving chain to achieve reciprocity. 
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The object of the present invention is to provide a method, radio nodes, system and programs 
Aat overcomes tfie drawbacks of the prior art techniques. This is achieved by the a method as 
defined in claim 1 , tiie system as defined in claim 21, the radio node as defined in claim 22 
and the program product as defined in claim 18. 

S The method according to the invention provides a method of calibrating at least one first radio 
node in a wireless communication network. The communication network comprises at least a 
first radio node and a second radio node, which can be arranged to be in radio commimication 
with each other. The calibration method is based on that at least one representation of radio 
channel characteristics has been exchanged from one radio node to the other. 

1 0 One embodiment of the invention comprises the steps of: 

-transmitting channel estimation symbols, or pilots, firom at least the second radio node to the 
first radio node over a radio chaimel; 

-calculating at least one representation of the radio channel characteristics in at least the 
second radio node; 

15 -exchanging at least one representation of the radio channel characteristics firom one of the 
radio nodes to the other radio node; 

-compensating radio transmissions from the first radio node with at least one coirection factor 
which is at least partly based on the ^changed rq>resmtation of the radio channel 
characteristics. 

20 The method may fiirflier, which corresponds to a finrther embodiment, comprises a step of: 

-estimating transmission errors in the second radio node, based on the received pilot signals in 
the first and second form, and calculating a correction vector with correction terms for 
respective antenna of the first radio node. Optionally the first radio node uses dedicated pilots 
which has been modified to facilitate tiie error estimation in the second radio node. 

25 The conununication system according to the present invention comprises at least a first radio 
node and a second radio node equable of transmitting and receiving radio signals and the first 
and second radio nodes can be arranged to be in radio communication with each other. The at 
least first radio node is calibrated with the aid of the second radio node, wherein the first radio 
node bases the calibration on at least one representation of radio channel characteristics which 

30 has been exchanged from second radio node. 
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The radio node according to the present invention is adapted for wireless communication in a 
wireless network. The network comprises at least a second radio node and the first radio node 
capable of and the second radio node are capable of transmitting and receiving radio sigaals 
and can be arranged to be in radio commxmication with each other. The at first radio node is 
5 calibrated with the aid of the second radio node, wherein the first radio node bases the 
calibration on at least one representation of radio channel characteristics, which has been 
exchanged from second radio node. 

According to one onbodiment of the invention the radio node comprises calibration initiating 
means for identifying a need for calibrating the radio node, channel estimating means for 

10 producing radio channel estimates firom radio signals received by the first radio node, and 

exchanging means for exchanging representations of the radio channel estimates or correction 
terms/vectors to other radio nodes. The chaimel estimating means and the exchanging means 
are preferably in communication with the receiver, and with calculating means fi>r calculating 
a correction vector/tenn or a representation of a radio channel estimates, based on received 

15 radio channel estimate provided &om the exchanging means and/or the intemally detemiined 
channel estimate provided firom the chaimel estimating means. The radio node fiirther 
comprises pilot transmitting means for controlling the transmission of channel estimation 
symbols, or pilots, to the other radio nodes, and compensating means for compensating radio 
transmissions from the radio node with one, or a set of, correction factor(s). The transmitting 

20 means and the compensating means are preferably in communication with the transmitter, 
which also is in communication with the exchanging means. The compensating means is 
fiirther in communication with the calculating means. 

Thanks to the invention inaccuracies and differences in transmit receive chains can be 
compensated, whereby achieving reciprocity between the two radio nodes. The calibration 
25 may be used also in communication with other radio nodes and reciprocity is maintained also 
in these communications. 

One advantage afforded by the present invention is, since reciprocity is ensured, that methods 
for optimizing coding and mapping at the transmitter which requires an accurate forward 
channel estimation, can be used. 
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The described methods have the additional advantage that it can be used for relative 
calibration between stations that cannot or don't communicate. A typical example is coherent 
combining based cooperative relaying. 

Bnbodiments of the invmtion are defined in the dependent claims. Other objects, advantages 
5 and novel features of the invention will become apparent firom the following detailed 

description of the invention when considered in conjunction with the accompanying drawings 
and claims. 
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Brief Description of the Drawings 

The invention will now be described in detail with reference to the drawing figures, wherein 

Fig. 1 is a schematic view of a multiantenna system (prior art); 
Fig. 2a is a schematic view of two radio nodes according to the invention engaged in 
5 communication, and Fig. 2b is a schOTiatic illustration of functional modules in a radio node 
according to the invention; 

Fig. 3 is a message sequence chart illustrating the method according to the present invention; 
Fig. 4 is a message sequence chart illustrating the method according to a first embodiment of 
the present invention; 

10 Fig. 5 is a message sequence chart illustrating the method according to a second embodiment 
of the present invention; 

Fig. 6 is a message sequence chart illustrating the mettiod according to a third embodiment of 
the present invention; 

Fig. 7 is a message sequence chart illustrating the method according to a fourth embodiment 
15 of the present invmtion; and 

Fig. 8 is a schematic view of wireless system wherein entities uses the calibration method 
according to the present invention; 

Fig. 9 is a schematic illustration of transmissions between two entities using the method 
according to the present invention. 

20 

Detailed Description of the invention 

Two nodes in a wireless conmnmication network, station A 210 and station B 220, which are 
in simultaneous conmunication with each other, are schematically illustrated in FIG. 2. 
Station A 210 comprises a transmitter 212 and a receiver 214. Station B 220 comprises a 

25 transmitter 222 and a receiver 224. The transmitter 212 of the station A 21 0 and the receiver 
224 of station B 220 makes up a first transmitter-receiver chain, and the transmitter 222 of the 
station B 220 and the receiver 214 of station A 210 the second. As previously described the 
transmission can be characterized by the channel matrix H, but as shown here in FIG. 2. it 
degenerates to a scalar complex valued channel. The end-to end channel for a transniit^^^ 

30 receiver chain may be described as consisting of essentially three parts relating to the 
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20 



25 



transmitter, the air interface and the receiver. The parts relating to the transmitter and the 
receiver will be referred to as internal channels. This approach takes into account that the 
signal is affected not only in the air interface, but also in all parts of the transmitter-receiver 
chain such as in the transmitter/receiver and antenna feeders etc. The channel (in the 
frequency domain and hence generally a dependency with respect to frequmcy) from station 
A to B, in the example dqpicted in FIG. 2, may be described a 



H 



Hru 'Hi 



ASX '^CH'^BjtX 



(2) 



and the channel from B to A is 



H 



B-¥A 



BJX *^CH '^AM 



(3) 



wherein Ha^tx characterize the transmitter 212 of station A 210, Hbjx characterize the 
transmitter 222 of station B 220, Ha,rx is the channel matrix characterizing the receiver 214 of 
station A 210 and characterize the receiver 224 of station B 220. Hch characterize the 
radio propagation channel The terms relating to the transmitters and receivers Ha.tx » Hb.jx » 
Ha.rx and Hbjcc are not limited to the effect on the signal within the actual transmitter or 
receiver, they should preferably comprise a characterisation of all essential channel effects 
within respective station. The chaimels are here characterized with matrixes, which is relevant 
if any kind of MIMO communication is used. In particular, the transmit-receive chains are 
characterized as diagonal matrixes, whereas Hch is afiill matrix. However, the observation 
that not only the air interface but also the transmitting/receiving parts effect the channel is 
valid also in other cases such as MISO, SIMO and SISO systems, for which ttie matrixes at 
the single antenna side reduces to a scalar. It is a fundamental property of an isotropic 
medium, such as the radio channel, that it exhibits reciprocity, reflected in that Hch is the 
same in both directions. However, since neither Hajx can be assumed to be equal Hb,ix nor 
Hajoc can be assumed to be equal Hb^rx^ due to unavoidable differences in the components, the 
channel from station A 21 0 to station B 220, Hji_^^ , can not be assomed to be equal the 
channel from station B 220 to station A, Hg-^^. In other words H^_^^ * Hg^A ^ generally 
valid and the channels are not redprocal. Even if the equipment at one time is calibrated so 
what the internal channels Ha.tx= Hb.tx and Hy^sx^Hajix^ ^ time, drift due to 
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temperature, humidity, ageing of components, for example, will cause the diannels to become 

\ 

non-reciprocal. 

In the method according to the present invention external calibration of the transmitters and 
possibly also the receivers is introduced. This is possible because the transmitter and receiver 
5 internal chaimels if^m Hb.tx^ HA^m ai^d Hb,rx are stationary over long term and changes are 
primarily due to temperature drift, humidity etc. These changes typically occur on timescales 
such as hours, days, or at the fastest, minutes and can be consider as very slow compared to 
other characteristic timescales in the system such as changes in the air interface, power 
control changes and conunimication q)eed, for example. The calibration according to the 
10 invention may take place on a regular basis or as a response of a signal from a controlling 
entity upon, for example, a detected degradation in communication performance (such as 
throughput) or detection by oth«- means. The communication between the calibration 
instances is only affected in the sense that calibration factors are included in each 
transmission. 

1 5 The radio node 210 described with reference to FIG. 2a is according to the present invention 
adapted to utilize the method according to the invention. A radio node capable to be calibrated 
and to participate in the calibration of another node, which is a preferred embodiment, is 
schematically depicted in FIG. 2b. The below described modules should typically be regarded 
as software defined functional modules in the digital processing parts of the radio node, i.e. 

20 not necessarily physical entities. The radio node preferably comprises a calibration initiating 
module 222 for identifying a need for calibrating the radio node, chaimel estimating module 
224 for producing radio channel estimates from radio signals received by the first radio node, 
and exchanging module 232 for exchanging representations of the radio channel estimates or 
correction terms/vectors to other radio nodes. The channel estimating module 224 and the 

25 exchanging module 232 are preferably in communication with the receiver 214, and with 
calculating module 226 for calculating a correction vector/tmn or a representation of a radio 
channel estimates, based on received radio channel estimate provided from the exchanging 
module 232 and/or the internally determined channel estimate provided from the chaimel 
estimating module 224. The radio node further comprises pilot transmitting module 228 for 

30 transmitting chaimel estimation symbols, or pilots, to the other radio nodes, and compensating 
module 234 for compensating radio transmissions from the radio node with one, of a set o^ 
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correction &ctor(s). The transmitting module 228 and the compensating module 234 axe 
preferably in communication with the transmitter 212, which also is in communication with 
the exchanging module 232. The compensating module 234 is further in communication with 
the calculating module 226. The functionality provided by the above described modules can 
5 be achieved by a plurality of different implementations, of which the above is a non-limiting 
example. 

The steps of the method according to the present invention, offering a method of external 
calibration of a station will be described with references to the message sequence chart of 
FIG. 3 and the schematic illustration of FIG. 2a and b. In the exonplary system depicted in 

1 0 FIG. 2 only one transmitter and one receiver is provided in each station. The result of the 
steps is a calibration of the transmitter of station A. This is a non-limiting example and the 
inventive method is not limited to this case, on the contrary, as pointed out in the background 
section, to be able to use the reciprocal assumption is of very hig^ importance in multiantenna 
systems, and the method easily extendable to such s>^tems. The method of calibration 

15 comprises the steps of: 

3 GO : Initiate the calibration process. 

The calibration process can be initiated in predetermined time intervals, wherein a suitable 
predetermined time interval can be set based on experience and assumptions on e.g. climate. 
Alternatively the calibration process can be initiated on demand &om e.g. a system 

20 controlling entity, which has recorded some measure of commumcation degradation from one 
or more nodes, e.g. a hig^ average BER or a change in average BER. The calibration may 
also be triggered based on climatic changes, such as surrounding temperature or temperature 
changes of communication equipment. Moreover, the transmitter also has knowledge of 
transmission history (time and duration of transmission), used transmit power as well as 

25 potential future transmission and can use this to trigger any calibration. Further, calibration 
errors (such as phase deviations) may be detected at the receiver for each transmit antenna, 
and when exceeding a predetermined ^eshold of deviation a calibration event is instantiated. 
The need for calibration is typically recognized in the calibration initiating module 222 of the 
radio node, but may be detected external from the radio node, and the radio node informed, by 

30 suitable means, of a required calibration. 
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305: Transmit channel estimation symbols, P. 

Qiannel estimation symbols i.e. symbols known by both the transmitter and receiver, e.g. in 
the fomi of a pilot signal, are transmitted from station B 220 to station A 2 1 0, and/or from 
station A 210 to station B 220. Many systems have an existing common pilot chajonel that can 
S be used for the calibration purpose. Pilot transmitting module 228 controls the transmission of 
pilots. 

310: Channel estimation. 

Calculate a channel estimate H from the result of the transmission of P, which channel 
estimate H comprises flie complete transmitter-air interface-receiver chain. Hj^^q , the 

10 channel estimate for a signal from station A 210 to station B 220, and/or H,b^a » the channel 

estimate from station B 220 to station A 210, may preferably be calculated. The channel 
estimating module 224 of the radio node performs the estimations. 

315: Exchange information between stations. 

The stations exchange information extracted from the channel estimate(s) Hj^^g and/or 
15 in order to &cilitate a calculation of a correction factor to be used for the transmission by 
station A. Preferably, the receiving station (station B 220) sends a representation of the 
channel estimate H^^^ to station A 210, or alternatively station B 220 sends a representation 
of a correction factor. The rq>resentation$ are preferably sent in a compact form, in order to 
not take up more transmission resources than necessary. The exchanging module 232 prepares 
20 and controls the exdiange of information relating to the radio channels between different 
nodes. 

320: Calculate channel correction factor. 

A channel correction factor, taking into account the exdianged information on channel 
estimates, is calculated in calculating module 226. 

25 325 : Compensate transmission with channel correction &ctor. 

Station A 210 compensates every transmission to B with the channel correction factor, giving 
an effective channel . Since channel redprocity holds, H^'^ = ff^^^ , with the 

compensated transmission, station A 2 1 0 may now measure on pilots (channel estimation 
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symbols) from B for flie estimate of H^^^ needed to e.g. enhance coding and mapping. The 
channel correction factor is used at least until a new caUbration process is initiated. The 
compensation can be seen as an adjustment of the transmitter 212 controlled by the 
compensating module 234. 

The calibration process has been exemplified with a calibration of the transmitter in station A, 
to give reciprocal conditions for the conmiunication to and from station B. Naturally, the 
calibration process can be xised to calibrate station B. The calibration process described above 
can be extended to a multiantrana (multi TX and/or KX) systems. This will be fiirther 
discussed in the below description of different embodiments of the invention. It has further 
been assumed that non-linear characteristics, e.g. due to non-linear power amplifier operation, 
can be neglected. 

« 

The above described calibration process may readily be adapted to diflferent implementations 
of wireless networks. Such adoptions will be exempUfied with different embodiments of the 
invention. 

In a first embodiment of the method according to the present invention, described with 
references to FIG. 4, diannel estimation symbols are sent both from station A 210 to station B 
220 aiod fiom station B to station A. Therefore estimates in both directions, H^^^ and , 
can be produced (corresponding to step 310). 

After the channel estimation the stations exchange its channel estimation data, e.g. station B 
send H^^s to station A (step 315). Based on ^^^^ akeady available at station A and the 
received H^^^, a channel correction factor can be determined (step 320) accordiog to: 



^ ^B^A _ ^B,TX '^CH 'Ha,IOC H^ j^ '^A,RX 



(4) 



A signal 5 , to be transmitted from A to B, is pre-multiplied with Hcon resulting in the 
received signal (step 325): 



25 



(5) 
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,where JVis receiver noise. It is seen that the effective channel is modified into the reverse 
channel according to: 



Hence as/f^ =^b-^a» channels are now reciprocal, it is possible to use the estimate of 

the channel in direction B to A, perform any operation on the signal to be transmitted based 
on H^^^ and sending the it over the effective channel H^'^ from A to B. 



The embodiment of the invention preferably comprises, as illustrated in tibte message sequence 
chart of FIG. 4, the steps of: 

405 (corresponding to step 305): Transmit channel estimation symbols, P. 
10 Pilot signals are transmitted from station B 220 to station A 210, and from station A 210 to 
station B 220. 

410 (310): Channel estimation. 

H^^js is calculated at station B 220 and H^^^, is calculated at station A 210. 

4 1 S (3 1 5): Exchange information between stations. 
1 5 Station B 220 sends a representation of the channel estimate H^^^ to station A 210, 
preferably in a compact form. A compact representation can be used as the major 
characteristics of the cannel are known, e.g. from H^^^i , and only part of the estimate, e.g. ' 
significant deviations, need to be transmitted. 

I 

420 (320): Calculate channel correction factor. 
20 Station A 2 1 0 calculate the correction factor, Hcorr > according to equation (4). 

4 

425 (325): Compensate transmission with channel correction factor. 

Station A 210 compensates every transmission to B with the channel correction &ctor Hco^r > 

giving an effective channel H^^-^^ , which ensures, as shown in equation (6), reciprocity. 
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The embodiment may be extended to MIMO by perforaimg the same procedure for each 
antenna element combinations. With M TX and RX antennas, the total number of 
calibrations is M times N. 

In a second embodiment of the method of the invention, described with references to the 
5 signalling scheme of FIG. 5, estimation symbols, or pilot, is transmitted in one direction only. 
In this embodiment, station A 210 first perform an open loop channel estimation by receiving 
a training symbol firom station B. Based on the estimated channel, subsequent transmission 
fomi A to B is pre-multiplied with inverse of the channel estimate. Based on this, station B 
can report a correction factor back to station A. The correction factor is used for every 
10 transmission until next calibration instance. This is in essence a so called zero forcing scheme 
resulting in proportionally larger power is assigned to frequencies (assuming a frequency 
selective channel and e.g. OFDM) with high attenuation Possibly, one may avoid using high 
attenuation frequencies. 

The correction fector fed back can preferably be in the form of a low order complex 
15 polynomial (possibly with exponential functions for any delays) and hence only a few 

weighting factors are sent back Delay, phase and amplitude difiference will generally be small 
in magnitude and well behaved ftinctions, it is therefore generally sufficient to use a low order 
polynomial. Other methods of compression the correction factor may, as appreciated by the 
skilled in the art, also be used. 

♦ 

20 As an alternative the transmissions from A to B is pre-multiply with the complex conjugate of 
^B-*A • This alternative does not experience the problem with high attenuation frequencies as 
for the zero-forcing method. The receiver, i.e. station B, must however take into account that 
the received signal is, apart from the phase and amplitude errors to be calibrated, attenuated 

with In cff I when determining the correction factor that is fed back to station A. However, 
25 the most important is the feedback of the phase errors, as flie amplitude gain of tiie transmit 
receiver chains does generally not vary so much as the chaimel gain \HQff\ . 

The secx>nd embodiment of the invention preferably comprises, as illustrated in the message 
sequence chart of FIG. 5, the steps of: 
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505 (corresponding to step 305): Transmit channel estimation symbols, P. 
Pilot signals are transmitted &om station B 220 to station A 210 only. 

510 (3 10): Qiannel estimation. 
^B-*A y estimated at station A 210. 

5 511: Calculate preliminary correction factor. 

A preliminary correction factor, A^, is calculated based on H^_^^ , preferably the inverse of 

the channel estimate, if^i^^, or its complex conjugate, H^^^- 
512: Compensate transmissions. 

The transmissions from station A to station B are compensated by multiplying the signal with 
10 the prelinninary correction factor Has* 

513: Estimate errors. 

Station B 220 estimate phase and amplitude errors in the transmission compensated with the 
preliminary correction factor. From the estimates station B calculates a correction term hcon- 

For the H^_:^^ , the correction factor is simply complex conjugate effective channel when - 

15 H^]^ji^ is concatenated with Hj^^^ . For the H*B'^a ^® complex conjugate of the phase 

error may for instance be signaled back, hence assuming that insignificant magnitude 
deviations occur due to the transmit receiver chains. 

5 1 5 (3 1 5): Exchange information between stations. 

Station B 220 sends the correction term hcon to station A 210, preferably in a compact form. 

20 520 (320): Calculate channel correction factor. 

Station A 2 1 0 calculate a final correction factor, Hq^^ \ based on the preliminary correction 
factor Has and the correction term hcorr- 

525 (325): Compensate transmission with channel correction factor. 
Station A 210 compensates every transmission to B with the final chaimel correction factor 
25 Hcorr ^ &ving an effective channel which ensures reciprocity. 
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In a third embodiment of the method of the present invention, described with references to the 
signalling scheme of FIG. 6, special estimation symbols (or pilot channel) is used in addition 
to the existing common pilot chamiel, to estimate a correction vector. 

In, for example, a MIMO scenario in which station A has antemias and station B has n g 

5 antemias, the frequency responses of the transceiver chains can be represented by diagonal 
matrices with elements corresponding to the response between the baseband processor and a 
particular antenna. For example, Hj^j^ is an by diagonal matrix and the channel's 

response is now an ti^ by matrix as seen by station B. ' 

Following the example of calibrating station A through station B, similar to the first two 
1 0 embodiments, the chaimels from station A to station B can be estimated by station B througjh 
a known signal (a frequency domain column vector of dimension ) generally referred to as 
the conunon pilot chaimel and h^e denoted by . The at station B received signal 
correspondiag to &is pilot is given by 

15 and from which the effective chamiel response H^^q = ^bju^ch^ajx estimated. 

Station A can similarly derive H^^^ = H^jx^CH^A^JiX • transmits from each 
antenna a pre-multiplied special pilot signal, collectively denoted by a column vector 

PsHI^a\,, (8) 

f 

4 

wherein, is an x diagonal matrix, containing individual pilot signals with good 
20 auto and cross correlation properties and 1^^ is an all-one column vector of dimension . 
The received signal corresponding to lins special pilot signal is &en given by 

For simplicity, one may assume that =1 (the two stations may agree to use only one 
antenna in B to calibrate A), then the received signal in the above equation can be written as 
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Since the transceiver chain's frequency response contains only delay, phase rotation and 
perhs^s a small amplitude variation, H^jix and H^^^ ^ Eq. (7) both have unit amplitude. 

Therefore ^ch\- \Ha-*b I is known from the common pilot signal and tiie correction 

5 term H^j;^ (J 9 j) • ^a,rx U* J) for each antmna in station A can be estimated by correlating 

the received signal with the corresponding pilot signal (j\ j) . After receiving this 

correction information from station B, station A can then adjust flie transmit and receive 

chains such that H^ j^ (j\ J) • H^j^x 0\ J) are the same for all j . This makes sure that the 

channels are reciprocal between the antennas at station B and the baseband processor in 
1 0 station A. Note that the responses of the transceivers in station B is irrelevant for the purpose 
of cohorently adding the arriving signals at the antennas since they can be estimated and 
removed before demodulation. 

The third embodiment of the invention preferably comprises, as illustrated in the message 
sequence chart of FIG. 6, the steps of: 

15 605 (corresponding to step 305): Transmit channel estimation symbols, P. 

Known channel estimation symbols, preferably the existing common pilot chaimel, , are 
trananitted from station B 220 to station A 210 and from station A 210 to station B220. 

610 (310): Channel estimation. 

Hg^^ , is estimated at station A 210, and H^^^ at station B 220 according to the above. 

20 611: Transmit special pilot channel Ps. 

Station A transmits from each anterma a pre-multipUed special pilot signal, P^ • H^^^ - 1^^ . 




